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A terrestrial ecosystem collapse event accompanied by extensive soil erosion has been widely 
recorded in marine sedimentary rocks at the vicinity of the end-Permian mass extinction. 
However, the precise timing of this event and its impact on the marine extinction have not yet 
been ascertained. Here I present an organic geochemical study of non-marine and marine 
sections from the South China Craton, which shows that terrestrial ecosystem collapse was 
accompanied by a soil erosion event, and was followed by the end-Permian marine extinction 
(EPE). Two separate events devastated the terrestrial ecosystem prior to the marine extinction 
event, over a timespan of dozens of kyr. Bacteria flourished in the non-marine section coeval 
with a decline in terrestrial plants and in the marine section during the end-Permian marine 
extinction. A proto-recovery of herbaceous plants (not woody plants) occurred dozens of kyr 
after the end-Permian marine extinction and coincided with a global warming maximum and 
oceanic anoxia/euxinia.  
This biomarker study in the non-marine section at Xiaohebian shows that a collapse of 
terrestrial higher plants marked by a low (C17+19)/(C17+19+27+29) n-alkane ratio, a soil erosion 
event marked by high DBF/Phe values, and the proliferation of bacteria marked by high 
hopane/sterane ratios occurred coincidentally at carbon isotope (CI) level D, followed by a 
negative excursion of δ13Corg at CI levels D–E, which was followed by the complete devastation 
of vegetation at CI level F. Significantly high n-C17/short n-alkane values indicating the 
proliferation of cyanobacteria occurred between CI levels C and D. A series of events around CI 
level D was named end-Permian terrestrial ecosystem devastation event (EPTD) 2. Hence, the 
terrestrial plant collapse might have caused bacteria to proliferate in the terrestrial lake and 
surrounding soils, coincident with the last appearance of Gigantopteris flora and the collapse of 
terrestrial higher plants just before the negative shift in δ13Corg. These biomarker indices also 
show that the pre-event at CI level C, dozens of kyr prior to EPTD 2, was marked by a decline 
in terrestrial higher plants and a soil erosion event with no negative δ13Corg shift. This event, 
named EPTD 1, coincided with the terrestrial plant extinction observed in the Chinae section. 
In this high-resolution study of similar biomarker indices in the marine section at Shangsi, I 
clarified that the terrestrial ecosystem collapse leading to the soil erosion event and proliferation 
of cyanobacteria occurred at EPTD 2 before the EPE. The collapse of land vegetation was also 
followed by the demise of ammonoids and radiolarians and by the proliferation of bacteria. 
EPTD 1 occurred at CI level C, demonstrated by a decrease in the n-alkane terrestrial plant 
index. The recovery of mainly herbaceous vegetation occurred on land within a short amount of 
time (dozens of kyr) in the Shangsi section, a low-latitude section of the eastern Paleo-Tethys 
area during the warming maxima. A global warming of 10°C occurred at or after the EPE and 
persisted at least until the early Griesbachian age of the Early Triassic. The proto-recovery of 
terrestrial higher plants coincided with the development of environmental stress during 
hothouse and photic zone euxinia. Further recovery followed the event dozens of kyr after the 
main marine extinction. Marine environmental stresses such as oceanic anoxia/euxinia and 
global warming lasted ~500 kyr. The extreme global warming did not prevent the recovery of 
herbaceous plants at the earliest Triassic. Inter-event gaps of dozens of kyr and 500 kyr were 
obtained using correlations of δ13C between the studied section and Meishan, and zircon U–Pb 
ages in Meishan, respectively. 
Results from the non-marine and marine sections show that the vegetation collapse 
accompanied by soil erosion and the proliferation of bacteria and cyanobacteria in the terrestrial 
environment was followed by marine extinction accompanied by the proliferation of bacteria 
and cyanobacteria in the marine environment at or before global warming; this was followed by 
a proto-recovery of vegetation coinciding with a global warming maximum and oceanic 
anoxia/euxinia. The findings of this study show a decline in terrestrial plants in the South China 
Craton accompanied by bacterial and cyanobacterial blooms (Event 1: EPTD 1) prior to those 
that occurred in lakes and the sea (Event 2: EPTD 2 and EPE), separated by dozens of kyr. 
 
